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‘‘ Spontaneous Combustion in Collieries.”’ 
By -. DURAXD. 

Translated  and  Abstracted by ALFRED BACHE, B.A., Assoc. Inst. C.E. 

Causes.-The primary  causes of fires breaking  out in collieries 
where  the coal is contaminated  with  pyrites  are  believed  by  the 
Author, who is  engineer of the Doyet Collieries in  the department 
of Allier, France,  to  be  the  three  following :-oxidation of pyrites, 
friction  from  slippings, and  warmth of air-current.  Experiments 
made by Mr. Fayol  have  shown  that  above  ground  a  heap of 
Commentry  small  cod,  presenting  to  the  air  a surface of not more 
than  about 12 square  yard  per  cubic  yard,  will,  if once it gets 
heated to a  temperature  that lies  somewhere  between 140” and 
212’ Fahrenheit, go  on heating more and  more till  at  length it. 
takes fire. 

Pyrites  met  with  in coal-seams is either  amorphous or crystalline, 
and occurs in  the shape of nodules, flakes, bunches,  or  veins,  while 
sometimes it is so finely  disseminated  throughout the coal as  to  be 
invisible. In  dry  air  and  at low  temperatures it does not oxidise ; 
but  its dissemination  through coal or shale  gives it a more 
porous character  than  appertains  to it by itself, and  in  almost all 
cases it oxidises in moist air  and becomes converted  into  sulphate 
of iron, the excess of sulphur  being  set free. The  heat developed 
by  the oxidation  is  further  augmented,  where  there  is sufficient 
moisture  present, by  the subsequent conversion of the  sulphate of 
iron into  hyposulphate,  with  liberation of sulphuric acid,  which, 
when  mixed  with one quarter  its  weight of water, rises t o  the 
tamperature of 220’ Fahrenheit.  Various  other  chemical actions 
also conduce to  the  development of heat ; while  there  is no absorp- 
tion of heat  by  the  formation of any gas during  the  oxidation of 
the pyrites. At  Doyet Collieries the roof over the  thick seam of 

1 The original article appeared in  the  “Bulletin  de la Socie’te‘ de I’Industrie 
Minirale,” 1883, vol. xii., pp. 43-80. 

a It will be  borne in mind  that in many of the collieries in the Midland and 
other coalfields of France the seams are not only of great thickness, sometimes 
even more than 20 yards, but are also  inclined  at steep angles,  sometimes  nearly 
vertical.-A.B. 
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coal  is composed in some places of fine shaly  sandstone  containing 
pyrites ; and  near  the outcrop,  where  cracks  have occurred in  the 
roof, the moisture  from  the surface and  the  air from the mine, 
penetrating  into  them,  have caused the roof to get red-hot, and  to 
set  fire sometimes to  the timber props. A mere  bunch of pyrites, 
however  small,  occurring either  in  the coal itself or in a shale 
parting,  is  quite sufficient to  serve as a lucifer-match for starting 
a conflagration. The  sulphur liberated by decomposition of 
pyrites  burns a t  480' Fahrenheit,  and  any  sulpho-carbons  which 
may also be  formed burn  at  about 660" Fahrenheit;  whilst  the 
hydro-carbons of coal will  not  burn below 930" Fahrenheit at  least.. 
Hence  pyrites, as furnishing  the most inflammable products, is 
really  what  gives  the  start t o  a fire. 

Where  pillars of coal become cracked  and  crushed  under  the 
pressure of the roof, slippings occur, producing considerable friction, 
which develops corresponding  heat;  and  as  the surfaces sliding 
past  each  other  are  uneven,  the  friction  and  heat  are  concentrated 
upon the prominences in contact. The  heat  thus becomes sufficient 
not  merely  to  accelerate the action of pyrites,  but possibly to 
ignite coal seemingly  free  from  pyrites,  even  anthracite  hard  to 
burn. In the open  working at  the outcrop at  Doyet, the coal has 
been  set on fire by  a  sudden  slip of the ground above. 

An air-current  that was  warmed by uncondensed  steam dis- 
charged  from an underground  engine at  Doyet caused a  little 
small coal, which  had  accumulated  against some timbering, t o  get 
so hot that  the timber took fire after  the  engine  had been a t  work 
rather more than  three  months. In return  air-drifts  the  crushed 
coal in  the roof is  particularly liable  to heat  under  the influence of 
the warm  and moist current. 

In seams free  from pyrites,  the  Author believes oxidation of the 
hydro-carbons on exposure to  air  cannot develop heat  enough Lo 
ignite  the coal ; and  the  only  way  in  which  he can account for 
spontaneous  coxbustion  in  such coal is  by  the presence of dust or 
fine  slack  in  the  midst of any heaps that  are found to be heating. 
Dust  and fine  slack  he  considers  capable of exerting a condensing 
power  upon the combustible gases that  are  ready t o  escape from 
bituminous or gaseous coal, and also upon the oxygen of the  air; 
and  the  heat so developed may become sufficient t o  fire the gas, 

While therefore  spontaneous combustion may occur in  any 
colliery, whether  the coal contain  pyrites  or  not, it is more par- 
ticularly  in seams of caking coal, containing  pyrites,  that, as the 
.workings progress, the  pillars  left  standing  grow  hot rapidly, 

' -and thereby  the coal. 

Downloaded by [ Purdue Univ Lib TSS] on [16/09/16]. Copyright © ICE Publishing, all rights reserved.



232 DURAND ON SPONTAREOUS CONBUSTION IN COLLIERIES. [Selected 

under  the combined action of oxidation of pyrites,  pressure  and 
subsidence of roof, and oxidation of hydro-carbons through con- 
densing power of dust. It is the  pyrites however  which, 
wherever  present in  any appreciable quantity,  plays  the  principal 
part  in  starting  ignition,  and  thus  constitutes  the  primary cause 
of fire;  the  other causes are  then  but secondary, although  they 
may so far  supplement the  start  thus given as to make  a seam 
containing but  little  pyrites  appear readier to fire than one  con- 
taining much more. 

Development.-The development of spontaneous combustion is 
considered by  the  Author  firstly  in  the czse of masses of  coal, such 
as pillars  left in  working.  Really solid pillars  never fire ; those 
that do are  always fissured with numerous cracks, and  are more or 
less  crushed.  Outbreaks of fire are encouraged by  the presence of 
any coal crushed  small,  which in  its finely  subdivided state 
promotes the chemical  actions that induce  heating.  Fire first 
smoulders at  the bottom of the innumerable  cracks  by  which the 
pillars  have become fissured under the crushing load they  have  to 
support ; then  the  walls of the cracks get red-hot and  burn, some- 
times  bursting  suddenly  into flame where the previous heating 
has covered them  with  bituminous  matter. The  tarry smell thus 
occasioned often betrays  the existence of fire before it has become 
visible ; and so difficult is it to find its actual  seat,  that often it is 
not discovered until it has  crept  outwards  towards  the  air-current 
at  the mouth of the chinks,  and  has  ignited  the  crushed coal behind 
the  timbering of the roads, and  then  the  timbering itself. The 
clanger is  augmented  wherever  there  are  timbered  excavations 
orerhead ; and  still more wherever  a  timbered  drift  has been 
pushed  forwards  under a mass of crushed coal  overhead. Through 
such  a mass air  circulates easily, heat  and moisture collect there, 
and fire  breaks  out  quicker than where the overhead  coal has 
been  got  out  previously. 

Wherever  crushed coal can  be  harboured on  or amongst the 
rubbish that is packed into  the goaf, fire is  sure sooner  or later  to 
break out. It begins at some distance in from the roads, and 
creeps  out gradually  towards  them,  igniting on the way any 
timber that may  have been left  buried in  the gob-packing ; the 
pungent wood-smoke gives  immediate warning of the fire. 

Pillars purposely left unworked, either for maintaining a shaft 
or because the coal in  them  is  not good enough, are also liable  to 
take fire. The load  bears  unevenly  around  them,  they  crush an.d 
crack  under it,  and  small crushed coal accumulates next  to  the gob- 
packing;  the heavier the pressure, the sooner  do the pillars  heat 
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and fire. Similar  circumstances occur where  a nip  in  the seam 
stops the  getting of  coal. 

Where  the goaf is not packed with  rubbish,  but  the  ground is 
left  to  fall  in,  there  is  certain  to  be fire  if any crushed coal 
is left behind. The  danger  is  liable  to be enhanced by accumu- 
lation of explosive gas in  the  large cavities ; as is the case also 
wherever  cavities  result from settlement of rubbish  packed in  the 
goaf. 

AS to collieries being  set on fire from a lamp  or  an explosion of 
fire-damp, the  Author considers this can  only occur where the masx. 
SO ignited  has  got  very  hot beforehand, and is ready to  catch 
fire in a moment.  An  explosion  moreover throws down a lot of 
coal that will  easily take fire, besides shaking  and  splitting  thc 
pillars,  and so rendering  them more ready  to  ignite. 

Hard seams of caking coal, containing  much  gas  and  pyrites,. 
are  the most liable to spontaneous combustion. I n  very fiery seams 
the  Author  has noticed that  heating occurs generally in  the dampest 
places, or along return air-ways  when the  air is warm  and moist. 
Where  a pillar of bad coal had stood without  heating for  seven 
years at  the foot of an incline in a current of fresh  air from the  
downcast  shaft, an  alteration  in  the  ventilation exposed it to  the 
return  current of warm moist air,  and it then  got so hot in  tw@ 
~nonths  as  to necessitate its speedy  removal; by the time it could 
be  worked, it wa.s already too hot to touch in some places. 

Tho  nature of the roof tells  variably. I n  some collieries fire is 
found  to  break  out more readily  under  a roof of tender  shale  than 
under one of thick  hard sandstone. At Doyet  on the contrary, 
the  thick sandstone roof, settling  unevenly  after  the workings, 
leaves roof cavities, in which  air  circulates  and  encourages  heating ; 
while in places  where  a  ceiling of shale  separates the coal from 
the  thick sandstone, the shale  falls, and no dangerous  cavities are 
left. 

Coal or rubbish  tipped  in heaps  above-ground from the  pit- 
mouth is liable to  heat  and fire by oxidation under  the  action of 
the air  and  wet,  wherever  the  smaller stuff that collects at  the  top 
of the heap is combustible  enough. The fire breaks  out first a 
little below the top, on the side  most exposed to  the wind ; and 
spreads  thence throughout  the  entire  tip. It is sometimes started 
ciirect from the braziers  burning at the  pit-mouth  to  light  the 
landing of the cages;  the  tip  then  ignites  first  at  the top,  whence 
the Ere spreads  downwards  and  laterally. 

Preaention.-If the coal in a seam  could only  be  preserved from 
getting crushed.  and fissured by increased  pressure in  working, 01- 
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at  any  rate  if  all access of air could be cut off from it when so 
injured, its spontaneous  combustion  would  be  prevented. In the 
rare cases of quarrying  an  outcrop,  the coal, as long as the ovcr- 
burden can  be removed, can  be worked in successive  courses or 
steps from the  top of the seam  downwards, and  can thus be  got 
whole throughout  the  entire  thickness of the seam. If   the over- 
burden  be  sent down the  pit  to serve  as  rubbish for packing the 
goaf in  underground  workings  progressing  simultaneously, the 
open-air working  can be  continued to a somewhat  greater  depth : 
at  the risk however of finding that  the deeper coal so reached 
has been  already  injured by settlement  due  to  the  underground 
operations. 

When coal is got  underground in  successive  courses  or steps ono 
below another from the  top downwards,  no packing  in  the goaf, 
not  even  were it masonry, will  entirely  prevent  settlement of the 
superincumbent mass, whereby the coal in  the lower and  later- 
worked  steps is always more or  less  crushed. A partial  remedy 
consists either  in  packing  with  rubbish of a clayey  nature,  which 
consolidates into a more compact mass ; or in  leaving a sufficient 
thickness of coal underneath  the  packing of the goaf in  the top- 
most course, and  afterwards  getting  out as much' as possible of 
this thickness, by  working  backwards below it and  packing the 
goaf of the lower working  also;  or  again,  in  timbering  the floor 
of each course so thoroughly as to form a roof for the  subsequent 
working of the  next course  below. But these  methods, besides 
being  costly  and  yielding a low output  with a large  proportion of 
small coal, are  not  always successful in  obviating spontaneous 
combustion : still less so when  the goaf is not packed a t  all, but 
is left  to  fall  in. 

What  has  to  be  guarded  against is an actual  outbreak of fire ; so 
long as the coal is merely heating,  the  small  quantity of noxious 
gas g b e n  off hardly  matters,  and  the  only  drawback is that  the 
workings  sometimes get inconvcniently  hot  for the men. The  longer 
all risk of firing  can  be  staved off, the more possible will it be  to 
adopt the mode  of working  that  will  yield  the  largest  output a t  
the lowest  cost :-namely, in seams inclined at steep  angles, by 
laying  out  the  workings  in successive stages or panels of great 
height (measured up  the slope), which entails less  expense  for 
the  preparatory operations of laying  them open:  several of these 
stages are  then  worked  simultaneously,  the  getting of the coal 
being proceeded with  in each stage from the bottom  upwards, by 
a succession  of horizontal courses or excavations. By  this method 
the bottom  courses in each  panel  feel the roof-pressure least, and 
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yield a great  quantity of large coal, which is won without  diffi- 
culty,  and  with less risk of heating arid firing. But  in  the upper- 
most courses the coal gets more or less  crushed by  the augmented 
pressure ; hence, t o  avoid fire, there  must  be some limit  to  the 
total-height of each panel, or rather  to  the  number of courses  con- 
tained  in it, the bottom courses being of greater  height  than  the 
upper. In  a thick  and  well stratified seam of strong coal,  con- 
taining  not  many  partings, and inclined  between 14" and 30' to 
the horizon, the  total  height of each  panel  may  be 26 yards, 
measured up the slope, and  the  height of the bottom course 8 yards. 
But  in t.he main seam a t  Doyet,  which  though  hard  is of variable 
quality  and too liable  to fire, the  height of the courses is only that 
of' a single tier of timber props, say 2 to  3 yards.  Here  four 
courses can be got, and a fifth  started,  without  any fire having 
broken  out ; only no course must  take more than  six  months  in 
getting,  and  all  the goaf must  be  thoroughly filled in. Quick 
getting  is  indispensable for  avoiding  fire  in seams that fire  readily. 
Usually  by  the  time  the  fifth course is  reached, the broken  coal 
it contains  is  already  hot,  and  great  care  is  needed  to  prevent its 
burning  whilst  getting ; hence five courses would seem to  be  the 
general limit for the  height of a panel. As soon as the  third 
course from the bottom is being  got  in  any panel, the  getting can 
be  started of the bottom course in  the  next panel  below ; if  the 
working of the  lower  panel  were  begun sooner, that of the  upper 
would be endangered by settlements. 

Alike  in  laying  out  the  roads  and  in  getting  the coal, care must 
be  taken  to  avoid  the  formation of roof cavities,  from  which start 
cracks that  radiate  through  the seam ; such  cavities are most  liable 
t o  occur at  junctions of roads, and are  to  be  guarded  against  by 
careful timbering,  which  must  be well watched.  Large  cavities 
occurring in  spite of these  precautions  should  be cleared out, and 
then  thoroughly filled in  with good packing of small  rubbish 
brought  from  above-ground.  Where gob-roads have  to be kept 
open  for working or ventilation,  they  should  either be shifted so as 
not  to  run  through  the  middle of the goaf, but  along  its  margin; 
or else they  should be walled  thick  enough  with good packing 
impervious  to  air  and  moisture,  particularly  when used as air- 
ways.  They  should be kept  at a safe  distance  from  any  crushed 
pillars  that  have been abandoned  in  working. 

The advantages of packing  the goaf with  rubbiah are, that  the 
workings  are  thereby  kept cooler, settlements  are lens extensive, 
pillars  get less crushed  and are therefore  less liable to  heating, 
and fewer  dangerous  roof-cavities occur in  which  an  outbreak of 
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fire would be difficult to extinguish. I n  packing composed of 
friable stuff, the smaller  bits fill up  the spaces between the  larger ; 
and,  if of a somewhat  clayey  consistency, the whole compaqts 
under  the load into a solicl mass  impervious to  air. Good pack- 
ing of this  kind should  always  be used in  the bottom courses of 
each  panel ; then  by  the  time  the  top course is  reached in  the  next 
panel below, the coal will  there  be  got  under a roof as compact as 
solid sandstone. 

Spoil got from stone-drifts  should  not  be used for packing the 
goaf;  the  large blocks of stone are too hard to crush  under  any 
settlement overhead, and  air can pass too freely  amongst  them. 
I n  working a panel  where  the bottom course had been wholly 
packed with spoil got from sinking a shaft  and from driving 
stone-drifts,  notwithstanding  that  the spoil  itself  was  incapable of 
heating,  the  Author found that pillars of considerable size, which 
had been left  behind in  the midst of this spoil because not  worth 
getting,  grew  hot so rapidly  as  to be taking fire by  the  time  the 
second  course was finished and  the  third begun. It was  only by 
then  surrounding  this dangerous goaf with  small  rubbish  carefully 
rammed in,  that  the  winning of the coal could  be  finished to  the 
top of the panel. Some years  later, when the working of the  next 
panel below  came in  under  the same place, similar  trouble  from 
heating  had  to be  encountered.  Hence the  Author  regards  any 
spoil  got  underground as so bad  for packing  the goaf, that it 
should  never  be used unless the precautions  are  taken  to  pick out 
of it all stuff that could burn, ancl even  then  to keep it clear of 
contact with  any masses that can  heat. It is indeed by no means 
a dead loss to send up all such  spoil  to  bank,  and  throw it over the 
tips,  where  after  two  or  three years’ exposure to  the atmosphere it, 
may, if meanwhile  prevented from burning, become  good enougll 
to send down again  into  the pit for use as packing. 

The best  packing of all consists of loamy earth,  and  surface 
strata more  or less disintegrated ; the former is necessary wherever 
access of air  has  to  be stopped a t  once without  waiting for the 
roof to  settle down  heavily upon the packing. Where  the goaf is 
well packed with good stuff, the timbers, whether  upright props or 
roof-slabs, can  be left behind to become crushed by  the load and 
buried in  the  packing ; otherwise  they should  be removed, even  if 
only  partially,  as a  precaution against fire. By  way of rendering 
the rubbish-tips at  the surface sooner ready  for use as packing, it is 
sometimes thought desirable to l e t  them  burn  as  freely  as  may be. 
But  this opinion is not  shared  by  the  Author,  who considers that 
not only will a tip  take a very  long  time to  burn  through t o  the 
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middle, but  that,  after  the fire has  all  burnt itself  out, the  ashy 
stuff  will  be too light, too dusty, too hot,  and  not  binding  enough, 
to be  suitable  for  sending  underground.  Nevertheless  even  such 
burnt rubbish is preferable to spoil  got  underground  and packed 
there  at once. 

Ventilation by a forced current of air  under pressure  has  been 
found by  the Author  to  be  favourable  to  spontaneous combus- 
tion.  Whether compression or  exhaustion  be employed, the 
greater  the difference of pressure  between the  cntering  and  the 
return air-currents, the more readily will the  air  penetrate cracked 
and crushed coal, and  thereby promote heating  and firing. I n  
this respect, sharp  turnings  or  narrowing of roads, and air-doors 
situated  in a strong  current,  in  the  midst of crushed  pillars  or 
badly packed rubbish,  are sources of danger, as are also inclines 
rising steep, and  upcast  pits.  Hence,  wherever an  inlet  air-way 
runs  at  all  near a return air-way, the  intervening  pillars  or ribs 
of seemingly solid coal require  specially  careful  watching. 

The coolness of the air-current  is  practically of no  value  for 
preventing,  though it inay  somewhat  retard, the  heating of cracked 
pillars,  or of broken coal that  has  fallen from roof-cavities or else- 
where. I n  a  colliery  where an old drift 42 yards long,  from a 
shaft  to  an  inlet air-way,  had been  closed with  rubbish  carefully 
packed, the subsequent  settlement of the packing  had  left a space 
above, into  which a little  crushed coal had  fallen from the  roof; 
the coolness of the ingoing  air did not  prevent t.his slack  from 
heating  and  beginning  to  burn;  and it had to be all cleared 
out,  and  earth rammed in its place. 

A return  air-current should  never have  to go  downhill,  other- 
wise it accumulates heat  and  moisture at   the upper  end of the 
descent, thereby  favouring  spontaneous combustion at   that  place. 
Where  distant  workings  are  liable  to be  insufficiently  ventilated, 
owing  to  negligence in  maintaining former  roads now used as 
air-ways only,  fresh air should  be  supplied  direct to  them,  either 
by  splitting  the main  ingoing  current,  or by sinking a new  shaft 
from the surface. It is better t.0 split  the  air  than  to course a single 
current  through too great a length, because the  latter, means 
greater difference of pressure, attended  with more risk of fire. 

At  the Doyet collieries, wherever the seam is not  thick  enough 
to work by  the foregoing  method of horizontal courses, and  where 
the expense of laying  out  the  workings on that method would 
be too great, the  plan is followed  of getting  the coal in inclined 
courses, that is by pushing  the  working faces forwards uphill  along 
the slope of the seam,  instead of horizontally  along its strike. 
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The  uphill courses however are more difficult to  keep open, and 
are  liable to worse falls ; each course takes  longer  to  get, so that 
the  surrounding  crushed coal runs  greater  risk of heating,  and 
this  risk  is  further  enhanced  by  the  augmented  draught conse- 
quent  upon  the  air-current  passing  up  the slope from the lower 
to the  upper  end of the course ; hence  fire  breaks  out more readily, 
while it is also more difficult to contend with on the slope than 
in horizontal  workings.  On  the  other  hand, the  rather  larger 
quantity of packing used in  uphill  than  in  horizontal courses is 
an adT-antage against fire. 

Firing of slack-heaps above ground can be effectually  obviated, 
in  the Author’s opinion, only  by  completely  precluding  all pene- 
tration of air  into  them. To ventilate  them,  with  the  idea of 
keeping  them cool, he considers as  ineffectual and as  dangerous 
as to  let  air  penetrate  crushed coal in the pit.  From  experience 
of its success in  smothering fires on the sloping  banks of out- 
crop  workings,  he  recommends the expedient of covering the 
slack-heaps  with  a  layer of refuse  slimes  from the coal-washers. 
Such a covering,  being  coaly  and  not  clayey, does not  set  hard 
and crack, but follows readily  any subsidence of the stuff be- 
neath it. A layer 12 inches  thick  he  believes  would be an 
ample  protection  against  firing, or even  heating;  and  he  suggests 
that on shipboard  spontaneous combustion in coal cargoes might 
be  altogether  obviated  by  a  layer 6 inches  thick,  the coal being 
SO stowed as t o  prevent  the  covering of slimes from  disappear- 
ing  into  the interstices. To prevent spoil-tips  from  firing, the 
stuff  should  be  tipped in  a  layer too thin to heat  under the 
action of the  air;  and should be left  long  enough exposed, before 
tipping  the  next  layer  over it ; if it be also freed beforehand from 
all coal that can be utilized, so much the better. 
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